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Effect of Environment on the Tribological Behavior of
Si-incorporated Diamond-like Carbon Films
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Abstract — An experimental study was performed to discover the effect of environment on the tribological
behavior of Si-incorporated diamond-like carbon(Si-DLC) film slid on a steel ball. The films were deposited
on Si(100) wafers by a radio-frequency glow discharge of mixtures of benzene and dilute silane gases.
Experiments using a ball-on-disk test-rig was performed in vacuum, dry air and ambient air conditions. It
was observed that coefficient of friction decreased as the environment changed from vacuum, to dry air.
Chemical analyses of debris suggested that low and stable friction is closely related to the formation of sili-

con-rich oxide debris and the rolling action.

Key Words — silicon, diamond-like carbon film, sliding testing, plasma-assisted chemical vapor deposition,

wear particle agglomeration, environment.
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Table 1. Deposition conditions for Si-DLC thin film

Method radio-frequency PACVD
Processing gas C¢Hs+diluted SiH,
Deposition pressure 1.33 Pa

Bias voltage -400 Vb

Diluted silane fraction 0-90%

Substrate p-type (100) Si wafer

Sipvafer” "

hygroeter " :_

Fig. 1. A close-up view of the experimental setup.
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Table 2. Test conditions

Test Conditions Spec:lmen'
Ball Si Wafer

Roughness, Ra (nm) 10 3
Coating thickness (nm) - 1000
Speed (mmy/sec) 100
Si incorporated (at%) 0,05,2,95
Normal force (N) 9.8
Lubrication Dry
Environments Ambient air, Dr_Z s

Vacuum (6 X 10~ Torr)
Temperature Room temperature
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Fig. 2. Friction behavior in ambient air.
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Fig. 3. Friction behavior in dry air.
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Fig. 4. Friction behavior in vacuum.
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Fig. 5. Coefficients of friction in vacuum, ambient air
and dry air.
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Fig. 7. Coefficient of friction vs. linear wear rate of
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Fig. 8. Tested ball surfaces (the sliding direction is
shown by black arrow).
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Fig. 9. Tested Si-DLC track surfaces.
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Fig. 10. Auger spectra of the ball and track surfaces.
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